The Extreme-Ultraviolet Imaging Spectrometer (EIS) on Hinode produces high resolution spectra that can be combined via rasters into monochromatic images of solar structures, such as active regions. Electron temperature and density maps of the structures can be obtained by imaging the structures in different spectral lines with ratios sensitive to either temperature or density. Doppler maps and ion temperature maps can be made from spectral line wavelengths and profiles, respectively. In this paper we discuss coronal temperature and density distributions within an active region, illustrating the power of EIS for solar plasma diagnostics.
Introduction
The Extreme-Ultraviolet Imaging Spectrometer (EIS) was launched (2006 September 23) on the Hinode spacecraft from Uchinoura Space Center in Japan. An overview of the Hinode mission is given by Kosugi et al. (2007) . EIS provides the capability to make maps that have both high spectral (resolution of about 4000) and high spatial resolution (about 2 00 ) of coronal electron temperatures and densities for large quiet and active solar structures. This paper presents coronal electron temperature and density maps of an active region that demonstrate the plasma diagnostic power of EIS. We discuss the electron densities in different parts of the active region and show the temperature structure of an active region using monochromatic images of lines emitted over a broad range of temperatures. Similar, related work has been done previously with the Coronal Diagnostics Spectrometer (CDS) on the Solar and Heliospheric Observatory (SOHO) by Mason et al. (1999) .
EIS observes lines from ions formed in the lower transition region (e.g., He II, O V), upper transition region (e.g., Si VII), corona (e.g., Fe XII-Fe XVI), and flare plasma (e.g., Ca XVII, Fe XXIV). In this paper we consider primarily the typical quiet and active region coronal plasma. Cooler transition region plasma is discussed by Young et al. (2007a) .
The EIS on Hinode
The EIS instrument is described by Culhane et al. (2007) and Korendyke et al. (2006) . EIS is a representative of a new generation of instruments, which regard high spatial imaging and high spectral resolution as equally important. EIS produces spectra and images in two narrow wavelength windows in the EUV: 170-210Å, and 250-290Å. Light entering the instrument is focused by a parabolic mirror onto the entrance aperture of the spectrometer. Several entrance apertures are available: a slit (1 00 or 2 00 in width), or a slot (40 00 or 266 00 in width). The solar north/south height of the slits and slots is 512 00 . Light admitted by the entrance aperture is diffracted by a grating and the diffracted monochromatic images are focused onto two CCDs with pixel sizes equivalent to 1 00 spatial resolution at the Sun. Therefore, the true EIS spatial resolution is nominally 2 00 . EIS operates in several modes. For the data described in this paper, the 1 00 slit was used and was rastered west to east across an active region in 1 00 steps with exposure times at each step of 15 s. observation. We discuss observations of a large active region (AR 10940) observed on 2007 February 2 near 11 UT. EIS obtained a raster scan of this region near disk center using its 1 00 slit stepping west to east in steps of 1 00 . The slit length was windowed to be 256 00 and the west to east scan range was also defined to be 256 00 . Observations were obtained in 19 spectral lines covering a range of temperatures represented by ions formed in the lower transition region (He II) through the corona up to a temperature of about 6 10 6 K (Ca XVII). With exposure times of 15 s the raster took about 1.25 hours to complete. Although the western and eastern portions of the active region were observed at different times, all spectral lines at any given position in the active region are observed at the same time. Inspection of Extreme-Ultraviolet Imaging Telescope (EIT) images from the SOHO reveals that the overall configuration of the active region changed very little during the EIS raster time interval.
Observations and Data Reduction
The data were reduced using the EIS software package. This package subtracts the background from each spectral line, despikes (cosmic ray hits) the data, and converts data numbers to physical units (erg cm 2 s 1 sr 1Å 1 ). Although background was subtracted, we still performed an additional background subtraction to ensure proper subtraction for every pixel. This was done by computing the composite spectrum for the image (sum over all pixels) and then locating a suitable background portion of the profile for determining the background in each pixel spectrum. EIS data reduction software does not yet correct the data for slight spacecraft pointing drift. It also does not correct the centroid wavelength of the lines for a few pixel variability caused by temperature variations in EIS over each orbit. However, these corrections are not important for obtaining density and temperature measurements, and will be neglected in this paper.
Data which are bad due to cosmic ray hits are replaced by interpolated data for image display purposes. However, the error arrays returned by the software flag these bad data points. In fitting Gaussians to profiles with bad data points, zero weights should be given to these points. However, for the purpose of obtaining overall intensities for this particular paper, we have included the interpolated data. These data should be good approximations for statistically good data, which is the only data we consider in detail in this paper. The interpolations should be good because the good data are statistically well-determined, thus well-determining the boundaries of the interpolation. Figure 1 shows monochromatic images of the active region in six spectral lines from different iron ionization stages representing a range of temperatures. Even a casual glance at the figure immediately reveals considerable morphological differences between the images in hot lines like Fe XV compared with the images in a cold line like the Fe VIII line. The temperatures of the lines in ionization equilibrium are Top panels: Intensity ratios of lines from the indicated ions. These ratios are a qualitative measure of temperature over the active region. Bright is higher temperature than dark; bottom panels: intensity ratios of density sensitive spectral line for the indicated ions. Bright is high density; dark is lower density.
given by, e.g., Mazzotta et al. (1998) . In the cold line open, bright, fan-like extended loops are observed that are bright at their bases and fade with height. In the Fe XV image more amorphous appearing loop structures are seen, confined to the northwest part of the active region. At the typical quiet Sun coronal temperature represented by Fe XII, bright and fainter closed loops and extended fan-like structures are seen, as well as more confined spot-like regions that are difficult to characterize in shape. They may represent very small closed loops.
Results

Density Diagnostics
The temperature distribution of the active region, or more precisely the emission measure distribution, can be computed at each pixel location using the 19 observed lines. However, rather than carry out this analysis for this paper, we show a sample of the qualitative temperature distribution by simply taking the ratio of lines from adjacent ions. Typical results are shown in figure 2 (top panels). The range of temperatures represented in these three panels, proceeding from left to right, is approximately: 0.5-1.0 10 6 K, 1.1-1.4 10 6 K, and 1.8-2.3 10 6 K. Again, even a casual glance reveals that fan-like loop structures are cooler (darker) in temperature than neighboring regions along their lengths, e.g., the ratio of Fe X/Fe VIII is smaller in the fan-like loops than in the regions that are shown as bright in the figure. Similarly, the Fe XII/Fe XI ratios show how the temperature changes over large areas of the active region, and the ratio of Fe XV/Fe XIV shows where temperature variations occur in the hotter plasmas in the active region. These observations can be made much more quantitative with a complete emission measure distribution calculation, combined with various theoretical models in attempting to understand energy release and transport in active regions.
The electron density distribution in the active region can be obtained quantitatively by forming density sensitive ratios of appropriate spectral lines. We have used density sensitive line pairs for Fe XII The line ratios can be converted to actual electron density ratios using the CHIANTI atomic physics database (Landi et al. 2006 ). The ratios, particularly the Fe XII and Fe XIII ratios, are quite sensitive to electron density over the range of densities found typically in the quiet Sun corona and in active regions. Thus the diagnostics are excellent indicators of density variations. Figure 2 (lower panels) shows active region maps of the electron densities for the three ions (bright = high densities). The range of densities is from about 5 10 8 to 1 10 10 cm 3 . Again, as with temperature variations, density variations can be seen at a glance over a large solar area with high spatial resolution. And although not discussed in this paper, each pixel also contains the wavelength centroid and profile of the line, thus giving considerable Doppler dynamic information for the entire active region. Figure 3 shows a plot (upper left) of the electron density for Fe XII versus the intensity of the ground state Fe XII line for the brightest structures in figure 1 . The cut-off intensity for the brightest structures is somewhat ill-defined and was determined by examining the intensities at various intensity levels in figure 1. For figure 3 we take an Fe XII cut-off intensity of 2.23 10 3 erg cm 2 s 1 sr 1 . In figure 3 a linear least squares fit to the data is indicated by the solid line. The slope of this line shows that the density is on average roughly proportional to the emission measure. The large scatter around this fit is due to the fact that for a given density there is clearly a large range of emitting volumes in the active region.
Similar results to Fe XII for the density sensitive Fe XIII and Fe XIV ratios are also shown in figure 3 (the cutoff intensities are clearly shown in the figure) . The results for Fe XIII are nearly identical to those for Fe XII. Because the Fe XII and Fe XIII lines are so close in wavelength, we have computed the Fe XIII densities for the same pixels as for the Fe XII line, and therefore plot the densities against the Fe XII intensity. The densities might still disagree, as the distribution of temperature along the line-of-sight through each pixel might not be the same. In fact, there are a group of Fe XIII data points that show a nearly constant density with increasing intensity. More investigations will be required to understand fully these results.
The densities of the brightest structures in Fe XIV are about 0.4 dex lower than for the cooler iron ions. We do not use the same pixels as for the Fe XII and Fe XIII lines because the Fe XIV line is recorded on the long wavelength detector, and precise co-alignment of the two detectors is still being studied. For all three ions the least squares fit density is approximately proportional to the emission measure. A comparison of densities for different ions is important for models of loop evolution, e.g., the multi-thread model of Warren et al. (2003) . These models predict density as a function of temperature as loops heat up and then cool.
Finally, in figure 3 we show a histogram (bottom right) of the Fe XII data.
This figure has an approximately Gaussian distribution with a full width at half maximum indicating a range of densities from about 2.9 10 9 to about 9.4 10 9 cm 3 . There are no densities below about 10 9 cm 3 . At the typical Fe XII electron temperature of about 1:4 10 6 K this lower density indicates a lower limit to the electron pressure in the bright structures of this active region of about 1.4 10 15 cm 3 K. At the lowest intensities considered in Fig. 4 . The Fe XII electron density and number of pixels in equally spaced intervals between the maximum and minimum logarithmic intensities.
figure 3, which still correspond to the brightest structures in the active region, the spread in electron density for a given intensity is about 1 order of magnitude. This indicates a path length along the EIS line-of-sight that varies by a factor of 100, since intensity is proportional to line-of-sight emission measure. This indicates the complexity of the active region and the need for high spatial resolution to resolve the complexity. Another aspect of the density measurements that is somewhat surprising is that the densities in the dark regions of figures 1 and 2 frequently also have high densities for Fe XII (and also Fe XIII), approaching 10 9 cm 3 . This result seems not to be due to statistical uncertainities in the Fe XII line ratios, although in weaker regions the densities are more uncertain due to counting statistics than in the bright regions. It may be due to a problem with the atomic physics, e.g., uncertainties in radiative decay rates or excitation rate coefficients, or it may in fact be real. The contrast in images displayed on computer monitors and in prints sometimes is not nearly as large as it appears to the eye. If these high densities external to the bright loops are real, then the active region under discussion in this paper may have been imbedded in a weakly emitting large complex of high density loops. This implies much smaller path lengths in these loops than in the bright loops.
One way to quantify these weakly emitting loops is to divide the logarithmic Fe XII intensity into equal log intervals and compute the average density in each interval and the number of pixels in the interval. We have divided the entire Fe XII logarithmic intensity range between the maximum and minimum intensities in the image into 10 equally spaced intervals. The average electron density in these intervals and the number of pixels in each interval are shown in figure 4. This figure shows that the lowest densities reach typical active region quiet Sun densities, but most of the pixels have densities greater than 5 10 8 cm 3 .
Filling Factors
An important coronal quantity that can be obtained from electron density measurements is the filling factor. This factor, which for a structure such as a loop can be defined as the ratio of the true plasma path length along the line-of-sight to the path length inferred from EUV images of the loop, is a measure of how well the loop is spatially resolved by the imager. Since current models of loops frequently postulate unresolved fine strands within the loops, measurements of filling factors are important as they give direct information on the fine structure of the loops.
As an example, consider the nested loops very low near the middle of the X pixel range in the Fe XII panel of figure 1. The brightest and most obvious of these loops in figure 1 is seen to be part of a group of nested loops in TRACE movies of this active region. These loops are shown blown-up and isolated in figure 5 for lines of Fe XI, Fe XII, and Fe XIII, along with the positions in what appear to be parts of two loops (see arrows in figure 5) for which we have made specific measurements. We have calculated path lengths through the loops along the line-of-sight of EIS from the Fe XII image using the measured line intensities and electron densities at the X and Y positions shown. We emphasize that we are simply demonstrating a technique with EIS data in this paper, and we are not doing a detailed modeling of these particular loops. Detailed modelling would benefit from the comprehensive TRACE coverage of this active region in time as well as its somewhat better spatial resolution for resolving individual loops.
The measured line intensities have been approximately corrected for the background emission by averaging a few intensities measured for the darkest parts of the Fe XII image in figure 5 . These regions are not devoid of emission, but contain extremely faint structures that do not display as identifiable loops. This emission is somewhat variable within figure 5 by about 30%.
The path lengths are related to the background subtracted line intensity using CHIANTI. CHIANTI returns a calculated intensity per unit line-of-sight emission measure for the spectral line under consideration as a function of temperature for a given electron density. Using the Fe XII densities and assuming emission at the maximum of the line contribution function, we obtain the path lengths given in table 1. Electron densities and temperature sensitive line ratios at the positions figure 6 . Table 1 shows that for the first three positions, which correspond to the brightest part of one of the loops, the line-of-sight path length is about 3 00 -4 00 , (also 3-4 EIS pixels since they have sizes equivalent to 1 00 1 00 ), which is qualitatively the same as the intense part of the diameter of the loop in the Fe XII image. To make this somewhat more quantitative, we have fit the loop cross-section intensity to a Gaussian and obtain a full width at half maximum of 3 pixels for the intense part of the Fe XII loop along the straight line indicated in the Fe XII image in figure 5.
For this case the filling factor is close to unity. However, in the fainter parts of the loops the path length is quite large at two positions. One interpretation is that this does not indicate a significantly smaller filling factor, but instead is a result of our not having subtracted the precise background emission from the loop intensities at each position. This is not a serious problem for the bright parts of the loops, but could be a significant correction for the fainter parts of the loops. There could possibly be further loops along the direct line-of-sight through the positions with the larger path lengths that do not emit in the background region of the loops we are considering. In this case it is impossible to subtract the background correctly. We wish here to simply illustrate the capabilities of EIS.
Note also in figure 5 that the brightest of the two loops is cooler towards its apparent loop footpoint in the northeast quadrant of the image (compare the Fe XI and Fe XII images). Thus this loop is multithermal. As mentioned, data from TRACE also indicate that it is in fact part of a nest of loops.
Furthermore, the data in figure 5 clearly show that the two prominent loops become progressively more fuzzy as the ionization stage increases, i.e., hotter loops are more amorphous than cooler loops. This result has been known since Skylab and is still not explained. It is dramatically illustrated in figure 5.
Summary
We have shown the capabilities of EIS for investigating electron density and temperature variations at coronal temperatures in active regions. We have derived ranges of density for a particular active region and densities and path lengths for two apparent loops in the active region. The densities external to bright loops also appear high, and we have investigated the distribution of density as a function of number of pixels in the observed part of the active region. The results in this paper will be refined and clarified further by investigating many more active regions.
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